The Invisible Magnetic Bowl 


Experiment 12 


The Invisible Magnetic Bowl 


A metal ball rolls briskly in a circular pattern on a flat table, as if it’s in an 
invisible bowl. Another, apparently identical, ball doesn’t do this at all. 


Materials 


2-inch-high stack of ordinary ceramic ferrite ring magnets 
1-inch-diameter MnAIC permanent magnet sphere (available from 

Sumitomo Metal Industries at www.sumitomometals.co.jp/e) 
1-inch-diameter ordinary steel ball 


The invisible bowl apparatus 


Ring magnets are used in this demonstration because they are read- 
ily available and are the right size. 

Sit at a nonmagnetic table, draped so the audience can’t see under 
the table. Place the stack of magnets on your knee. Using your knee, hold 
the stack against the bottom of the table so that the direction of magne- 
tization is perpendicular to the surface of the table. Ask a young mem- 
ber of the audience to feel the surface of the table to ensure that it’s flat. 

Tell the audience that the table actually has “an invisible, magic, hol- 
low place” in its surface, and to “prove” it, roll the MnAIC sphere on the 
table about 10 cm to one side of the magnet stack hidden under the table. 
The magnetic sphere will roll rapidly in a circular pattern, as though it 
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Mondo Magnets 


Ball rolling in the invisible bowl 


were trapped inside a bowl. Part of the sphere’s circular pattern, or 
“orbit” around the hidden ring magnets, is shown above. 

With an innocent look on your face, hold up your hands to “show” 
that you are not cheating. Then hand a member of the audience the ordi- 
nary steel ball and ask the volunteer to try to get it to mimic the move- 
ment of the sphere. It wort work at all! 


The Science Behind It 


Of course, what is happening is that the stack of magnets under the table 
attracts the MnAIC magnet sphere, and the sphere rolls in a circle to con- 
serve angular momentum. However, the phenomenon is more compli- 
cated than that. The field emanating from the stack of magnets under 
the table is, at some distance from the magnet stack, directed radially 
outward, and nearly parallel to the surface of the table. That is why the 
MnAlIC spherical magnet remains magnetized parallel to the magnet 
stack’s field, yet is free to roll in a circular pattern. 

The field strength of a magnet varies as the inverse cube of the 
distance from the magnet. Hence, the magnetic force attracting the 
MnAIC magnet sphere varies as the inverse fourth power of the radius 
of the orbit. When the diameter of the orbit decreases by a factor of 2, 
the force increases by 2*, or a factor of 16! As a result, the sphere rolls 
much faster as it loses energy to friction, and it moves in toward the 
center of the circle. 


The Invisible Magnetic Bowl 


The ordinary steel ball of the same size does not behave in these ways 
at all. The reason is that it has no magnetic moment of its own. The mag- 
net under the table must first magnetize it. As a result, the magnetic force 


varies as the inverse seventh power of the separation distance between 
the ball and the magnet. Because of the thickness of the table, the force 
is far too weak to have any effect. 

That said, the steel ball is attracted by the magnet upon contact, as 
shown below, because at that small separation distance the field is large 
and the ball is magnetized. 


Ordinary steel 
ball attracted to 
the magnet 
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